Classification of
INTRODUCTION
The genus Ralstonia (Yabuuchi et al., 1995) has been created for a group of organisms from ecologically diverse niches to accommodate bacteria that were formerly classified as members of Burkholderia T. De Baere and others clinical importance (Coenye et al., 1999 ; Vandamme et al., 1999 ; Moissenet et al., 1999 ; Osterhout et al., 1998 ; Steinle et al., 1998) .
Historically, R. pickettii was created for a group of clinical isolates (Ralston et al., 1973) and also turned out to include strains of CDC group Va-2 (Tatum et al., 1974 ; Riley & Weaver, 1975) and possibly other strains. The CDC groups Va-2 and Va-1 were regarded as two different biovars and hence Pickett & Greenwood (1980) decided that CDC groups Va-1 and Va-2 represented two different biovars of R. ('Pseudomonas ') pickettii. Shortly before this, King et al. (1979) had concluded that R. ('Pseudomonas ') pickettii contained several biovars, including the strains originally isolated from clinical samples in St Thomas ' Hospital, London, UK (Phillips & Eykyn, 1972 ; Phillips et al., 1972) , and which had been designated ' Pseudomonas thomasii '. Although this name was never validated, it has been used several times (Baird et al., 1976 ; King et al., 1979 ; Costas et al., 1990) . According to Pickett (1994) , the present taxonomic situation of R. pickettii should be reduced to the recognition of three biovars, with biovar 1 equal to CDC group Va-1, biovar 2 equal to CDC group Va-2 and biovar 3 mostly consistent with the invalid ' Pseudomonas thomasii ' (Pickett, 1994) .
Here, we report a case of recurrent nosocomial meningitis caused by a colistin-resistant, Gram-negative rod that was identified by means of API 20NE as Pseudomonas fluorescens. Because of its colistin resistance, this strain was studied in more detail, which lead to its identification as R. pickettii biovar 3\' thomasii '. The further data gathered, by means of sequence determination of the 16S rDNA, determination of the cellular fatty acid composition, DNA hybridization, SDS-PAGE and extensive characterization of biochemical reactivity, indicate that this biovar can be considered as a separate species within the genus Ralstonia, named Ralstonia mannitolytica sp. nov. after its characteristic acidification of mannitol, distinct from all other described Ralstonia species. Retrospectively, a strain stored previously as P. fluorescens and isolated repeatedly from an abdominal haematoma of a patient with cholangiocarcinoma and a strain from an outbreak due to contaminated water in the neonatal intensive care department of the Ghent University Hospital, Belgium (GUH), in 1990 could also be identified as R. mannitolytica. Several nosocomial outbreaks with R. pickettii biovar 3\' thomasii ', mostly due to contaminated fluids, have been described (Costas et al., 1990 ; Pan et al., 1992 ; Phillips et al., 1972) , but no life-threatening infections have been reported yet to our knowledge.
METHODS
Bacterial strains. The strains studied are listed in Table 1 . The clinical strains LMG 19090, LMG 19091 and LMG 19092 were isolated at the GUH. Strain LMG 19090 (LBV407\ UCL310) was isolated repeatedly from a patient with recurrent meningitis (patient 1), strain LMG 19091 (LBV371\RAL13) was isolated repeatedly from an abdominal haematoma of a patient with cholangiocarcinoma (patient 2) and strain LMG 19092 (PSE061) was one of several strains isolated during an outbreak due to contaminated water at the GUH neonatal intensive care department in 1990. Strains LMG 19083 (RAL05\ML7), LMG 19087 (RAL07\YL13), LMG 19088 (RAL06\ML10) and LMG 19089 (RAL04\MC5) are environmental soil isolates described by Suyama et al. (1998) and were included because some of these strains showed the highest 16S rDNA sequence similarity to the clinical strains of all the sequences available from the GenBank\EMBL database. All other strains studied here, including the R. mannitolytica type strain (LMG 6866 T ), were supplied by the BCCM\LMG Bacteria Collection (Ghent, Belgium) or were isolated at the GUH.
[Pseudomonas] syzygii strains, which are so closely related to Ralstonia solanacearum (Brim et al., 1998 ; this study) that they can be regarded as members of this genus, were included to exclude synonymy with the R. pickettii biovar 3\' thomasii ' strains studied here.
Biochemical characterization. Growth at 30 and 37 mC was evaluated on tryptic soy agar (TSA) (Sanofi Diagnostics Pasteur). Growth at 42 mC was tested by adding two drops of a McFarland suspension 3 in water, prepared from a 24 h culture on TSA, to 5 ml of tryptic soy broth and subsequent incubation in a water bath at 42 mC and reading after 48 h. Conventional tests were carried out as described elsewhere (Gilligan, 1995) . Commercial tests (API ZYM, API 20NE, API 50CH and ID 32GN ; bioMe! rieux) were carried out according to the instructions of the manufacturer. Assimilation testing was carried out using the AUX medium (bioMe! rieux). To test for assimilation and alkalinization of organic substrates, Simmons ' citrate agar was used, whereby citrate was replaced by organic substrates at a concentration of 0n2% (w\v). Desferrioxamine susceptibility was tested according to a method adapted from Lindsay & Riley (1991) , by loading 6 mm diameter paper discs with 250 µg desferal on Mu$ ller Hinton II agar (MHA) (BBL Becton Dickinson). Alkaline phosphatase, pyrrolidonyl arylamidase and benzyl arginine arylamidase (trypsin) were tested using Rosco tablets (Taastrup, Denmark) and read after 4 h. Colistin susceptibility was tested using 10 µg colistin paper disks (BBL) on MHA and susceptibility to the vibriostatic agent O :129 was tested with Sanofi Diagnostics Pasteur paper discs on MHA. Acidification of ethylene glycol was tested as described previously (Wauters et al., 1998) . Staining of flagella was done as described previously (Kodaka et al., 1982) .
16S rDNA sequence determination. Amplification was done by PCR with primers named αβNOT (5h-AGTTTGATC-CTGGCTCAG-3h) and ωMB (5h-TACCTTGTTACGAC-TTCGTCCCA-3h). The reactions were performed in a final reaction mixture of 50 µl containing 25 µl Master Mix (Qiagen), 0n2 µM of each primer and 5 µl of a DNA suspension obtained by alkaline lysis. The amplification reactions were performed in a GeneAmp PCR System 9600 (Perkin-Elmer Applied Biosystems) with the following cycling parameters : 94 mC for 5 min, followed by three cycles of 45 s at 94 mC, 2 min at 50 mC and 1 min at 72 mC and 30 cycles of 20 s at 94 mC, 1 min at 50 mC and 1 min at 72 mC, with a final extension at 72 mC for 7 min. The amplification products were checked by 2 % agarose gel electrophoresis and staining with ethidium bromide. The amplification products were purified with a PCR purification kit (Qiagen) according to the manufacturer 's instructions. Sequencing was performed on an ABI 310 sequencer using the ABI Big Dye cycle sequencing reaction kit with AmpliTaq FS DNA polymerase (Perkin Elmer) with primers described previously (Coenye et al., 1999) . Analysis of the sequences and clustering was done by using GC version 4.1 (Applied Maths).
DNA base composition. DNA was degraded enzymatically into nucleosides as described by Mesbah et al. (1989) . The nucleoside mixture obtained was then separated by HPLC using a Waters Symmetry Shield C8 column thermostabilized at 37 mC. The solvent was 0n02 M NH % H # PO % (pH 4n0) with 1n5 % acetonitrile. Non-methylated lambda phage DNA (Sigma-Aldrich) was used as the calibration reference. DNA-DNA hybridizations. DNA-DNA hybridizations were performed with photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) , using an HTS7000 Bio Assay Reader (Perkin Elmer) for the fluorescence measurements (excitation filter of 360 nm, emission filter of 465 nm). The optimal renaturation temperature was determined according to the equation of De Ley et al. (1970) . PAGE of cell proteins. Cells were grown for 48 h on TSA at 37 mC. SDS protein extracts were prepared and electro- 
* Negative according to Vandamme et al. (1999) . † Negative with Rosco tablets, containing nitrophenyl phosphate as the substrate. Vandamme et al. (1999) reported a positive reaction, using API ZYM (naphthyl phosphate as the substrate). In this study, all strains tested with API ZYM were positive. ‡ Tested with API ZYM. § Phenylalanine deaminase reactions were difficult to interpret (weakly positive) and very variable.
phoresed according to Pot et al. (1994) and the collected data were interpreted as described by Vauterin & Vauterin (1992) . The similarity between all pairs of electrophoresis patterns was calculated by the Pearson product-moment correlation coefficient, expressed as a percentage.
Determination of cellular fatty acid composition. Cellular fatty acids were extracted from cells grown for 48 h on TSA at 37 mC. The fatty acid analysis was performed at 45-210 mC by using a capillary column CP-Sil 88 (Chrompack International) and a Delsi DI 200 chromatograph (Intersmat) equipped with split-splitness injection and a flame-ionization detector. The results were expressed as relative percentages by using an Enica 31 integrator obtained from Delsi Nermag Instruments (Intersmat).
RESULTS

Microbiology
Strain LMG 19090, obtained from patient 1, was isolated on Burkholderia cepacia selective medium (Mast Diagnostics), containing 100 mg ticarcillin l −" and 300 U polymyxin B ml −" . Ralstonia mannitolytica sp. nov. (Clark et al., 1984 ; Gilligan, 1995) .
The biochemical characteristics useful for the differentiation of Ralstonia species are summarized in phatase and phosphoamidase. Valine arylamidase, cystine arylamidase, trypsin, α-chymotrypsin, α-and β-galactosidase, β-glucuronidase, α-and β-glucosidase, N-acetyl-β-glucosaminidase, α-mannosidase and α-fucosidase were not detected.
Cellular fatty acid composition
The cellular fatty acid composition was determined for R. mannitolytica strains LMG 6866 T , LMG 19090 and LMG 19091 . Table 3 presents the data in comparison with those obtained for other Ralstonia species. The principal components for the R. mannitolytica strains were 16 : 1* cis (range 30-36 mol %) and 16 : 0 (range 21-30 mol %), with 7-15 mol % of 18 : 1"" cis and 5-7 mol % of 14 : 0.
DNA GjC content
The DNA GjC content for all three R. mannitolytica strains tested was 66n2 mol % ( 
Fig. 1.
Unweighted pair group method with averages (UPGMA) cluster analysis of the 16S rDNA sequences. Accession numbers indicated with asterisks refer to sequences determined in this study. The allocation of strains to either R. pickettii biovar Va-1 or Va-2 was done by testing acid production from maltose and lactose using OF medium : both positive for R. pickettii biovar Va-1 and both negative for R. pickettii biovar Va-2 (Pickett, 1994) .
strains (64n0-64n1 %) and for the two unnamed Ralstonia strains (64n0 and 65n1%).
16S rDNA sequence determination and total DNA homology
The 16S rDNA sequences included in the analysis are listed in Table 5 . The 16S rDNA sequences of the three clinical strains LMG 19090, LMG 19091 and LMG 19092 were identical and clustered at more than 99n5% sequence similarity with the R. mannitolytica type strain, LMG 6866 T (Fig. 1) . DNA-DNA hybridization confirmed that these three strains belonged to the same species (Table 4) .
Closest to this group, with a 16S rDNA sequence similarity of more than 99 %, was strain LMG 19089 (MC5), which was originally isolated from a brown lowland soil (pH 6n0) near the sandy bank of the Kinu river, Hama, Mitsukaido-Shi, Ibaraki Prefecture, Japan, and which was found to degrade poly(hexamethylene carbonate) and poly(ε-caprolactone) and to accumulate poly(3-hydroxybutyrate) granules inside the cells (Suyama et al., 1998) . However, the level of DNA-DNA hybridization with three R. mannitolytica strains was only 56-58 % (Table 4) , so it can be concluded that this strain probably belongs to a separate, as-yet unclassified species.
The R. solanacearum 16S rDNA sequence (GenBank (Moissenet et al., 1999) and AF067657 (Osterhout et al., 1998) ] were found to be 100 % identical to that of a R. paucula strain (Vandamme et al., 1999 ; GenBank accession no. AF085226). Sequence determination of the 5h end of the 16S rDNA revealed that the three R. pickettii strains found to produce no acid from maltose and lactose (i.e. R. pickettii biovar Va-2 strains) differed from the eight maltose and lactose acidificationpositive R. pickettii strains (i.e. R. pickettii biovar Va-1 strains) at two positions. At Escherichia coli position 259, the A observed for R. pickettii biovar Va-2 is replaced by G for R. pickettii biovar Va-1. The other transition is at E. coli position 269, at which the T in the 16S rDNA sequence of R. pickettii biovar Va-2 is replaced by an A in R. pickettii biovar Va-1. The differences in biochemistry and 16S rDNA sequence are corroborated by the DNA-DNA hybridization data, since the two Japanese soil isolates (LMG 19083 and LMG 19088) , which were identified as R. pickettii biovar Va-1 according to 16S rDNA sequence and biochemical characteristics, showed only 57-62 % DNA relatedness to the two R. pickettii biovar Va-2 strains included in the DNA-DNA hybridization studies (Table 4) .
PAGE of cell proteins
SDS-PAGE largely confirmed the 16S rDNA sequence and the DNA-DNA hybridization data. Strains LMG 6866 T , LMG 19090 and LMG 19091 belonged to a cluster with internal similarity of more than 80 %, well separated from all other reference and non-reference strains. This grouping was only obtained when two small zones at 60 kDa (p1 kDa) and 80 kDa (p1 kDa), which contained a heavy protein band in the patterns of strains LMG 19090 and LMG 19091, were excluded from the similarity calculations (Fig. 2) .
DISCUSSION
Clinical relevance of R. mannitolytica
A limited number of cases of hospital outbreaks with ' Pseudomonas thomasii ' and R. pickettii biovar 3\' thomasii ' isolates have been reported in the literature (Baird et al., 1976 ; Phillips et al., 1972 ; Dowsett, 1972 ; Pan et al., 1992) . The first report (Phillips et al., 1972) dealt with bacteraemia and bacteriuria in 25 patients due to the administration of parenteral fluids prepared at the hospital pharmacy, where deionized water contaminated with ' P. thomasii ' had been used (Phillips et al., 1972 ; Phillips & Eykyn, 1972) . Pan et al. (1992) Ralstonia mannitolytica sp. nov.
an epidemic involving 24 patients that was caused by contaminated saline solution (prepared by the hospital pharmacy) belonged to ' P. thomasii '.
The clinical importance of R. mannitolytica may have been overlooked, possibly due to misidentification as P. fluorescens, which does not lead to further investigation since this organism is usually considered to be a contaminant. Indeed, after strain LMG 19090, initially identified as P. fluorescens (API profile code 0 054 555), had been recognized as R. mannitolytica because of colistin resistance and further biochemical testing, we studied retrospectively the only other strain (LMG 19091) in the GUH collection that had been stored as P. fluorescens (API profile code 0 045 555) and could identify it also as R. mannitolytica. Thus, microbiologists should consider the possibility of an identification as R. mannitolytica for colistin-resistant P. fluorescens isolates. Strain LMG 19092 belonged to a collection of strains that had been catalogued previously as belonging to an R. pickettii outbreak at the GUH in 1990 and thus adds to the number of nosocomial outbreaks caused by R. mannitolytica.
Differentiation of R. mannitolytica at the species and genus level
The distinctiveness of R. mannitolytica and R. pickettii biovar Va-1 and biovar Va-2 has been recognized previously. Although the study of King et al. (1979) was not conclusive and failed to establish ' P. thomasii ' as a valid species, Costas et al. (1990) concluded that SDS-PAGE of whole-cell proteins provided clear evidence that R. pickettii and ' P. thomasii ' were separate taxa, a finding confirmed by this study. On the other hand, Pan et al. (1992) reported that HPLC analysis of cell wall fatty acids could not distinguish R. pickettii biovar Va-1 from R. pickettii biovar 3\' thomasii ', findings also confirmed by this study. (Phillips et al., 1972) . The R. mannitolytica strains used in this study have been deposited in the BCCM\LMG Bacteria Collection (Laboratorium voor Microbiologie Ghent, Belgium) as LMG 19090, LMG 19091 and LMG 19092. 
